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PURPOSE. This study was performed to define attachment and growth behavior of osteoblast- 1 ike cells and 
evaluate the gene expression on zirconia compared to titanium. MATERIALS AND METHODS. MC3T3-E1 cells 
were cultured on (1) titanium and (2) zirconia discs. The tetrazolium-based colorimetric assay (MTT test) was 
used for examining the attachment of cells. Cellular morphology was examined by scanning electron microscopy 
(SEM) and alkaline phosphatase (ALP) activity was measured to evaluate the cell differentiation rate. Mann- 
Whitney test was used to assess the significance level of the differences between the experimental groups. cDNA 
microarray was used for comparing the 2021 5 gene expressions on titanium and zirconia. RESULTS. From the 
MTT assay, there was no significant difference between titanium and zirconia (P>.05). From the SEM image, after 
4 hours of culture, cells on both discs were triangular or elongated in shape with formation of filopodia. After 24 
hours of culture, cells on both discs were more flattened and well spread compared to 4 hours of culture. From 
the ALP activity assay, the optical density of E1 cells on titanium was slightly higher than that of E1 cells on 
zirconia but there was no significant difference (P>.05). Most of the genes related to cell adhesion showed 
similar expression level between titanium and zirconia. CONCLUSION. Zirconia showed comparable biological 
responses of osteoblast- 1 ike cells to titanium for a short time during cell culture period. Most of the genes related 
to cell adhesion and signal showed similar expression level between titanium and zirconia. [J Adv Prosthodont 
2013;5:416-22] 

KEYWORDS: Dental implants; Zirconia; Titanium; Osteoblast- 1 ike cells; cDNA microarray 



INTRODUCTION 

The success of dental implant is primarily based on good 
osseointegration, which depends on the biocompatibility of 
the implant material and implant surface properties, as well 



as on the quantity and quality of remaining tissue. 1 

Commercially pure titanium and titanium alloys are tra- 
ditional materials used in most commercially available 
endosseous implants because of favorable mechanical 
properties and excellent biocompatibility. 2 And titanium has 
been proven to be safe and efficient as an implant material 
in many studies. 3,4 But recently, the biostability of titanium 
is increasingly questioned. Corrosion products in inner 
organs 5 and galvanic side effects 6 have been reported while 
using titanium implants. And allergic reactions and sensitiv- 
ities to titanium have been also reported. 7 Esthetic prob- 
lems may arise due to dark metallic color of titanium when 
the thickness of soft tissue is insufficient to mask it and 
soft tissue resorption is expected. Long-term stability of 
esthetic implant restorations in anterior dentition is a chal- 
lenge due to thin buccal bone and gingiva. While the sur- 
vival rate and function of implant were main issues in 
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implant dentistry in the past, nowadays the esthetic aspect 
of it became more focused. The success rate of the anteri- 
or maxillary implants was lower than other zones of the 
dental arch due to esthetic failure, while the survival rate of 
it showed no significant difference. 8 Thus, tooth-colored 
materials have been considered as an implant fixture mate- 
rials and Zr0 2 might be the choice of material as the tooth- 
colored implant. 

Zirconia is a bioinert nonresorbable material that has 
good chemical and dimensional stability, and a high bend- 
ing strength and fracture toughness. 9 Covacci et al tested 
the potential toxicity of zirconia and the cell capability to 
grow and adhere upon the ceramic surfaces, and reported 
that zirconia showed good cy to compatibility and had no 
mutagenic and carcinogenic effects on cells. 10 Zirconia 
shows less accumulation of plaque than titanium, and 
results in less irritation through the so-called bio-film. 
Rimondini et al. and Scarano et al. reported the low poten- 
tial for bacterial colonization of zirconia. 11,12 Much study on 
the biocompatibility and mechanical properties of zirconia 
has been done and zirconia has come to be used commer- 
cially as implant fixture materials. However, the gene 
expression levels between titanium and zirconia ceramic 
related to osteoblast adhesion and signal transduction are 
unknown. 

This study was performed to define attachment and 
growth behavior of osteoblast-like cells MC3T3-E1 cul- 
tured on zirconia discs by MTT assay, scanning electron 
microscope, and ALP activity assay, and evaluate the gene 
expression of MC3T3-E1 cells on zirconium oxide surfaces 
compared to titanium surface using the cDNA microarray. 

MATERIALS AND METHODS 

Titanium discs (Dentium. Co., Ltd, Suwon, Korea) used for 
the cell culture were machined from grade 4 titanium alloy. 
The discs were prepared to be 10 mm diameter and 2 mm 
thick and used as the culture substrate in the control group 
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Fig. 1. Surface topography of the (A) titanium disc, and (B) 
roughness than zirconia discs. 



(titanium disc group). Zirconia discs (LAVA™, 3M ESPE, 
St. Paul, MN, USA) of Y-TZP (yttria- stabilized tetragonal 
zirconia polycrystal) were prepared in 10 mm diameter and 
2 mm thick (zirconia disc group). The surface roughness 
values for each group were measured using 3D -Interactive 
Display (Wyko NT8000, Veeco Instruments Inc., Plainview, 
NY, USA). Two individual measurements per disc were 
made on two discs from each group. Area of 640 Jim X 480 
[xm was used for measurement. The surface of titanium 
discs (a) had an average roughness (Ra) value of 322 nm, 
while that of zirconia discs (b) had an average roughness 
(Ra) value of 5.09 nm (Fig. 1). Disc samples were rinsed 
twice in absolute alcohol and once in demineralized water 
in ultrasonic, before sterilization by autoclave. 

MC3T3-E1 cells, osteoblast-like cells from rat calvaria 
were obtained (Korean Cell Line Bank, Seoul, Korea) and 
cultured in sterile cell culture plate containing alpha mini- 
mal essential medium. For all experiments, cells were cul- 
tured on discs placed in 24-well plates. 

Cells were collected and seeded at a density of 1 X 10 5 
cells/mL by using 0.1% trypsin, 0.02% EDTA in Ca ++ and 
Mg ++ -free Eagle's buffer for cell release. One set of wells 
contained sterile 24 discs of titanium, whereas another con- 
tained 24 discs of zirconia at 37°C in 5% C0 2 for 24 hours 
and the samples were moved to new dishes and media was 
added and the plated discs were cultured at 37°C in 5% C0 2 
for 24 hours. All cell culture media were supplemented with 
100 units/mL penicillin-G, 100 g/mL streptomycin, and 0.25 
g/mL fungizone (Gemini Bio-Products, Inc., Woodland, 
CA, USA). Total RNA extraction was performed with 
Qiagen mini kit (Qiagen, Chatsworth, CA, USA) for micro- 
array assay. 

Surfaces were analyzed using SEM to determine their 
microtopographic properties. The discs were viewed at 
magnifications of X300 (before cell culture). Cell suspen- 
sion (1 X 10 5 cell/mL) was seeded to titanium discs and zir- 
conia discs. The cultures were incubated for 4 and 24 hours 
to evaluate the influence of the substrate geometry on tita- 
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irconia disc. Titanium discs showed greater surface 
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nium and zirconia using SEM. At the end of the various 
incubation times, the non-attached cells on the different 
substrates were removed by rinsing twice with 0.1 M sodi- 
um cacodylate buffered solution, dehydrated in a series of 
ethanol, dried by tetramethylsilane (Merck, Darmstadt, 
Germany) and sputter-coated with Au-Pd (Bio Rad, 
SC-500, Hertfordshire, UK). Finally, they were observed in 
a SEM QSM-6430F, JEOL, Tokyo, Japan) at an accelerating 
voltage of 15kV. Three runs of experiments were carried 
out, which included all different samples in threefold. 

The MTT test assay (Sigma, St. Louis, MO, USA) was 
used for examining attachment of cells after culturing the 
cells on titanium discs and zirconia discs for 4 hours and 24 
hours. The substance used for MTT test was a 3-(4, 
5-dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium salt, which 
turns into a blue format an product due to the viable mito- 
chondria in active cells. The cells were cultured on the 12 
discs placed in 24-well culture plates and incubated at 37°C 
in 5% C0 2 for 4 hours and 24 hours. The discs were moved 
to new 24- well culture plates after 4 hours and 24 hours of 
incubation and new media was added. MTT solution (5 
mg/mL) was added and incubated at 37°C for 4 hours in 
5% C0 2 . The media was discarded and 400 [iL of isopro- 
panol with 0.04 N HC1 was added in each well. The product 
solution was moved into 96-well plates. The absorbance at 
570 nm was measured using microplate reader (Bio-Rad, 
Hercules, CA, USA). 

Cell suspension (1 X 10 6 cell/mL) was seeded to titani- 
um discs and zirconia discs. The cultures were incubated 
for 4 days to evaluate ALP activity. After incubation times, 
culture media was removed by rinsing twice with phosphate 
buffered solution. The cells were added with 0.1% Triton 
X-100 (Polyscience, Warrington, PA, USA) and cultured for 
30 minutes. Finally, the cells were added with 100 mM 
^-nitrophenyl-phosphate in 0.1 M glycine-NaOH (pH 10.4) 
and cultured for 10 minutes. The product solution was 
moved into 96 well plates. The absorbance at 409 nm was 
measured using microplate reader (Bio-Rad, Hercules, CA, 
USA). 

The cDNA microarray Agilent Rat 22K chip (Digital 
Genomics, Seoul, Korea) was used to monitor the expres- 
sion of 21575 genes. The samples (10 jig total RNA per 
condition) were processed according to the manufacturer's 
recommendation. Fluorescent-labeled cDNA for oligo 
microarray analysis was prepared by amplification of total 
RNA in the presence of aminoallyl-UTP followed by the 
coupling of Cy3 or Cy5 dyes (Amersham Pharmacia, 
Uppsala, Sweden). RNA extracted from cells grown on tita- 
nium discs was labeled with Cy3 and used as control against 
the Cy5 -labeled RNA extracted from cells grown on zirco- 
nia discs in the first experiment and then switched. 

Oligo microarray kit was hybridized with the fluores- 
cently labeled RNA at 60 °C for 16 hours and then washed. 
This microarray contains 21575 distinct sequences (1075 
control spots and 20500 gene spots). DNA chips were 
scanned using GenePix 4000B (Axon Instruments, Union 
City, CA, USA). Scanned images were analyzed with 



GenePix Pro 3.0 software (Axon Instruments, Union City, 
CA, USA) to obtain gene expression ratios. Gene expres- 
sion ratios were normalized by LOWESS regression. 

Test mean values and standard deviation (SD) were 
computed for MTT test and ALP activity assay. Non- 
parametric test for two group comparison by Mann- 
Whitney test was used to assess the significance level of the 
differences between the experimental groups. All statistical 
analyses were performed using SPSS software (Version 
12.0, SPSS Inc., Chicago, IL, USA). Differences were con- 
sidered statistically significant for P values <.05. 

RESULTS 

The general shape and growth pattern of the osteoblast- 
like cells MC3T3-E1 was observed using SEM for each 
group. Fig. 2 and Fig. 3 shows representative SEM images 
of MC3T3-E1 cells cultured for 4 hours and 24 hours on 
titanium discs and zirconia discs. After 4 hours of culture, 
cells on both discs were irregularly triangular or elongated 
in shape with formation of filopodia that means good 
attachment to the substrate. After 24 hours of culture, cells 
on both discs were observed to be more flattened and well 
spread. Cells cultured on both discs showed no difference 
in cell density and morphology. 

The density of MC3T3-E1 cells was measured over 2 
different time-periods (4 hours and 24 hours) by using the 
MTT assay. Fig. 4 shows the optimal density of formazan 
produced by the MC3T3-E1 cells on zirconia and titanium 
surfaces. After 4 hours of adhesion, the osteoblast-like cell 
density on titanium surfaces and zirconia surfaces showed 
no significant difference (P>.05). After 24 hours of adhe- 
sion, the optical density of both groups significantly 
increased but there was no significant difference between 
both groups (P>.05). 

After incubation of cells for 4 days, ALP activity was 
measured. The optical density of cells on titanium discs 
was slightly higher than that of cells on zirconia discs but 
there was no significant difference (P>.05). Fig. 5 shows the 
optimal density of the differentiation rate of the cells on 
zirconia and titanium surfaces. 

After 24 hours, total of 20215 gene expressions were 
observed using cDNA microarray. Up regulated genes were 
classified as cDNA clones that exhibited a 2-fold or greater 
change in expression level. Upregulation means increased 
production of specific gene products, such as protein or 
RNA. Downregulated genes were categorized by the same 
criteria in reverse. The up- and down-regulated genes in zir- 
conia surface are reported in Table 1 and Table 2. 

DISCUSSION 

When an implant is inserted into bone, it is expected that 
an apposition of bone to the implant surface will occur, a 
process called osseointegration. 13 For this osteoinductive 
event, gaps between bone and implant must be sealed, and 
damaged bone by preparation of implant site must be 
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Fig. 2. SEM image of osteoblasts cultured on zirconia and titanium surfaces at 4 hours (x300). (A) titanium group, (B) 
zirconia group. Single randomly oriented cells were covering the surface on both substrates. The cells cultured on 
titanium and zirconia discs were irregularly triangular or elongated in shape showing similar cellular morphology. 
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Fig. 3. SEM image of osteoblasts cultured on zirconia and titanium surfaces at 24 hours (x300), (A) titanium group, (B) 
zirconia group. The cells on both specimens are connected to each other. 
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Fig. 4. Evaluation of cellular attachment by using MTT 
assay after 4 and 24 hours of incubation of osteoblasts. 
The osteoblast-like cell density on titanium and zirconia 
surfaces showed no significant difference (P>.05). 



Fig. 5. Evaluation of the cellular differentiation by using 
ALP activity test after 4 days incubation of osteoblasts. 
The ALP activity of osteoblasts on zirconia was similar to 
that of osteoblasts on titanium (P>.05). 
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Table 1. The list of upregulated genes in zirconia. Upre- 
gulated genes were classified as cDNA clones that exhi- 
bited a 2-fold or greater change in expression level. The 
score was the ratio of expression level on zirconia discs 
to that on titanium discs 



Gene Name 


Score 


Collagen, type XVIII, alpha 1 


2.067 


Cyclin G1 


2.154 


Growth hormone receptor 


2.146 


Zinc finger protein 36, C3H type-like 2 


3.079 


GTPase activating RANGAP domain-like 1 


2.432 


Similar to ankyrin repeat domain protein 17 isoform b 


2.041 


Insulin induced gene 1 


4.231 


Collagen, type XIV, alpha 1 (undulin) 


2.106 


Tight junction protein 1 


2.045 


Similar to hypothetical protein FLJ31413 


2.404 


Similar to zinc finger protein 650 


2.496 


BMP-2 inducible kinase 


2.369 


Transcribed locus 


2.167 


Integrin alpha 8 


2.084 



Table 2. The list of downregulated genes in zirconia. Do- 
wnregulated genes were classified as cDNA clones that 
exhibited a half or less change in expression level. The 
score was the ratio of expression level on zirconia discs 
to that on titanium discs 



Gene Name 


Score 


Caspase 1 1 


0.402 


Transforming growth factor, beta receptor 1 


0.457 


Protein tyrosine phosphatase, receptor type, U 


0.383 


Transforming growth factor alpha 


0.379 


Adrenergic receptor, alpha 1 b 


0.486 


PTK2 protein tyrosine kinase 2 


0.455 


Integrin alpha 5 


0.422 


Laminin betal 


0.349 


Integrin alpha 3 


0.471 


Leukemia inhibitory factor 


0.411 


Fibroblast growth factor 2 


0.475 


Laminin alpha 5 


0.425 


Laminin alpha 1 


0.248 


Cadherin 3, type 1 , P-cadherin (placental) 


0.419 


Thiopurine methyltransferase 


0.306 


Syndecan 1 


0.398 



repaired. The initial responses on implant in the bone are 
comprised of two aspects: the response of the host to the 
implant and the behavior of the material in the host. The 
almost immediate event that occurs upon implantation of 
biomaterials, is adsorption of proteins. 14 This biological 
protein layer formed on the surface of implant biomaterials 
is believed to be responsible for host cell response. The 
ability of protein adsorption depends on the surface mac- 
ro- and micro-topography, chemistry, and energy of 
implant biomaterials. 15 The host response to implants 
placed in bone involves a series of cell and matrix events 
involving many physiologic, chemical and genetic path- 
ways. 16 This study emphasizes the cell response to implant 
biomaterials, especially zirconia ceramics. 

There have been several studies that evaluate the bio- 
compatibility of zirconia as implant material. Akagawa et al. 
and Albrektsson et al. reported that direct bone apposition 
was observed at bone-zirconia interfaces in histological and 
ultrastructural studies, and suggested that zirconia may also 
be a suitable implant material. 17,18 Ko et al. investigated the 
initial osteoblast-like HOS cell response to yttrium- stabi- 
lized tetragonal zirconia polycrystal (Y-TZP) and reported 
that Y-TZP showed at least equivalent or slightly better bio- 
logical response of osteoblast-like HOS cells than pure tita- 
nium during a short- time cell culture period. 19 

In our experiment, MTT assay and SEM examination 
showed that cellular attachment and proliferation were 



comparable between titanium and zirconia on a short-time 
cell culture period, which suggests that zirconia implants 
may be as favorable as titanium implants in attachment of 
osteoblasts on initial healing period after implant place- 
ment. 

ALP activity is an important parameter typically used as 
markers of osteoblastic differentiation. In our experiment, 
the differentiation rate of El cells on cultured titanium and 
zirconia discs was similar each other. 

We used the cDNA microarray technique for identifying 
the expression of important genes in cells adhesion, signal 
transduction, and transcription, based on previous litera- 
tures. Cell adhesion to materials play important roles in bio- 
logical processes including cell motility, cell proliferation, 
cell differentiation, regulation of gene expression and cell 
survival. There are three major parts, involved in cell adhe- 
sion to materials; extracellular matrix (ECM) proteins, cyto- 
skeletal molecules, cell adhesion molecules (CAMs). 

Some ECM proteins like fibronectin, osteopontin, 
bone sialoprotein, thrombospondin, type I collagen, vitro- 
nectin have chemotactic or adhesive properties due to their 
Arg-Gly-Asp (RGD) sequence which is specific to the fixa- 
tion of cell transmembrane receptors like integrin. 20 In our 
experiment, fibronectin type III, type I collagen, and vitro- 
nectin showed similar expression levels between titanium 
and zirconia. 

At the site of contact between tissue-cultured cell and 



420 



Gene expression of MC3T3-E1 osteoblastic cells on titanium and zirconia surface 



extracellular matrix, absorbed onto substrate surface, spe- 
cialized structures, so-called "focal contacts" or "adhesion 
plaque", are formed. This adhesions are closed junctions 
where the distance between the substrate surface and the 
cell membrane is about 10-15 nm. 21 On the intracellular 
part, cyto skeletal proteins are involved in signal transduc- 
tion with integrin, proteases, protein kinases, kinase phos- 
phatases, and other signaling molecules. 22 Among the genes 
related to regulation of actin cytoskeleton, integrin oc8 
(ITGA8) were upregulated, while protein tyrosine kinase 2 
(PTK2), integrin oc 3 (ITGA3) were downregulated in zirconia. 

Integrins are integral cell-surface proteins, which are 
known to participate in cell-surface adhesion, as well as 
cell- surface mediated signaling. 23 Integrin-mediated adhe- 
sion is a highly regulated process involving receptor ligand 
interactions and subsequent adhesion strengthening and 
cell spreading. In our experiment, integrin oc g (ITGA8) was 
upregulated, while integrin oc 3 (ITGA3), oc 5 (ITGA5) were 
downregulated in zirconia. It was reported that adhesion to 
fibronectin was inhibited by antibodies to the ITGA5. 24 

Among other genes involved in focal adhesion, laminin 
(Xp oc 5 , P 1 subunit 1 were down-regulated in zirconia. 
Laminin is a major non-collagenous protein of the basal 
lamina and provides excellent conditions for the promotion 
of neurite outgrowth. 25 

Among the cell adhesion molecules (CAMs) observed in 
this experiment, thiopurine methyltransferase (TPMT), an 
enzyme that methylates thiopurine compounds, and CD6 
antigen (CD6), surface molecule that may regulate CD 5 
tyrosine phosphorylation, were downregulated in zirconia. 
Syndecan 1 (SDC1), a member of the syndecan proteogly- 
can family, was also downregulated in zirconia. The syn- 
decans mediate cell binding, cell signaling, and cyto skeletal 
organization. 26 

Tight junctions (or zonula occludens) are composed of 
transmembrane protein and a cytoplasmic "plaque" consist- 
ing of many different proteins that form large complexes. 
The transmembrane proteins mediate cell adhesion and 
constitute the intramembrane and paracellular diffusion 
barriers. 27 Tight junction protein complex, consist of cyto- 
plasmic "plaque" of tight junctions, appears to organize the 
transmembrane proteins and couple them to other cyto- 
plasmic proteins and to actin microfilaments. 28 In our 
experiments, upregulation of tight junction protein 1 
(TJP1) was observed. 

Protein tyrosine phosphatases (PTPs) may promote the 
disassembly or turnover of focal contact and regulate the 
phosphorylation state of many signalling molecules, such as 
the mitogen-activated protein (MAP) kinase family. 29 The 
expression of most of PTPs showed similar expression lev- 
el between titanium and zirconia., while protein tyrosine 
phosphatase, receptor type, F polypeptide (PTPRF), inter- 
acting protein, a , protein tyrosine phosphatase receptor 
type, M (PTPRM), and protein tyrosine phosphatase recep- 
tor type, U (PTPRU) were downregulated in zirconia. 

Growth hormone receptor (GHR) was up regulated, 
while transforming growth factor, leukemia inhibitory fac- 



tor (LIF), and fibroblast growth factor were down regulated 
in zirconia. 

Using cDNA microarray, total of 20215 gene expres- 
sions were observed and only 147 genes were up regulated 
and 838 genes were down regulated in zirconia. However, 
most genes related to cell adhesion showed similar expres- 
sion level between titanium and zirconia, which correlated 
with the results of SEM and MTT assay. Also, most genes 
related to signal transduction including the activation of 
several pathways showed similar expression level between 
titanium and zirconia. Thus, these results suggested that 
zirconia ceramics could regulate genetic effect of osteo- 
blast-like cells, as titanium did. 

This study has reported on the influence of implant 
material on gene expression. Recently, surface treatments, 
like the change of surface topography, chemistry, and mate- 
rial composition, are on trial to improve cell adhesion and 
osteoinductive potential on titanium implants. Further 
study is necessary to investigate biological response of cells 
on zirconia surface with various surface treatments. 

CONCLUSION 

Zirconia ceramic showed comparable biological responses 
of osteoblast-like cells to titanium during a short-time cell 
culture period. Most of the genes related to cell adhesion 
and signal transduction including the activation of several 
pathways showed similar expression level between titanium 
and zirconia. This suggests that zirconia implants could be 
as favorable as titanium implants in attachment of osteo- 
blasts on initial healing period after implant placement. 
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